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Techniques for Determining the Metabolic 
Pathways of Eicosanoids and for Evaluating 
the Rate'Controliing Enzymes 

Ninder Panesar,Yashwant G. Deshpande, and Donald L. Kaminski 


1. Introduction 

The term eicosanoid is derived from the chemical name for arachidonic acid, 
cicosatetraenoic acid. The term eicosanoid includes the prostaglandins (PG), 
thromboxanes, and leukotrienes (1). Multiple biosynthetic pathways exist 
for eicosanoid formation (2) and specific eicosanoids seem to be produced 
5y specific cell types in response to various inflammatory stimuli (3). The 
nultiple synthetic pathways suggest that multiple sites of inhibition may exist. 
Phospholipase A 2 (PLA 2 ) acts on cell membranes to release arachidonic acid 
(4). While numerous enzymes have demonstrated PLA 2 activity, two groups 
of enzymes are primarily responsible for the arachidonic acid generated 
during inflammatory responses. One enzyme with extensive involvement in 
arachidonic acid formation in response to inflammatory stimuli in many cell 
types is 14 kDa secretory PLA 2 (SPLA 2 ). SPLA 2 requires millimolar concentra¬ 
tions of calcium ion for activity and binds to cell-surface proteoglycans to 
catalyze the release of fatty adds from the sn-2 position of cell-membrane 
phospholipids (5). Group IV cytosolic 85 kDa PLA 2 (CPLA 2 ) is also an 
important enzyme associated with the production of arachidonic acid and 
subsequent eicosanoid formation during inflammation (6). CPLA 2 is also 
calcium-dependent and selectively hydrolyzes phospholipids with arachidonyl 
residues at the sn-2 position (7). 

Once arachidonic acid is formed, three pathways exist for its metabolism, 
including the cytochrome p-450, the lipoxygenase and the cyclooxygenase 
(COX) pathways (8,9). COX enzymes are bifunctional enzymes that serially 
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Fig. 1. Schematic diagram of the metabolic pathway pioducing PGE 2 . PLA 2 
indicates phospholipase enzymes and COX indicates cyclooxygenase enzymes. 

metabolize arachidonic acid to PGG 2 and then to PGH 2 (10). This is the rate- 
limiting step for the subsequent formation of the biologically active prostanoids 
including PGD 2 , PGF 2 „, prostacyclin, thromboxanes, and PGE 2 (12). There 
are two COX enzymes. COX-l is a constitutive enzyme that can be induced 
by various inflammatory stimuli in some cell types. COX-2 is frequently 
not identified in unstimulated cells but is inducible and forms prostanoids 
in response to various inflammatory stimuli in many cell types (13). The 
metabolic pathways leading to prostanoid formation are illustrated in Fig. 1. It 
is the intention of the present chapter to describe how, in inflammation, the role 
of the two PLA 2 enzymes and the two COX enzymes in prostanoid formation 
is determined. The methodology presupposes that the investigator has a cell 
line that they wish to study and have standard skills, equipment, and materials 
for maintenance of the cell line. 
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2. Materials 

2.1. Immunoblotting PLA 2 Enzymes 

2.1.1. Equipment 

1. Mini Protean H cell (Bio-Rad, Rocheville Center, NY). 

2. Spectropholoineler (Beckman DU650, Fullerton, CA). 

3. Vortexer (Fisher Scientific, Springfield, NJ). 

4. Power supply (Bio-Rad). 

5. Table top shaker (Fisher). 

6. Kodak film developer (Kodak, Rochester, NY). 

7. Cassettes for exposing membranes to film (Bio-Rad). 

8. Bag sealer. 

9. Hybond C extra 0.45 u nitrocellulose membrane (Amersham, Arlington Heights, IL). 

2.1.2. Reagents 

1. Acrylamide (Bio-Rad). 

2. Tris base (Bio-Rad). 

3. Bis-Acrylamide (Sigma, St. Louis, MO). 

4. SDS (Sigma). 

5. Ammonium per sulphate (Sigma), 
fi. TEMED (Sigma). 

7. Glycerol (Sigma). 

8. Glycine (Sigma), 

9. 2-mercaptoethanol (Sigma). 

10. Bromophenol blue (Sigma). 

11. Antibodies, primary and secondary (CPLA 2 , Santa Cruz, CA; SPLA 2 , Cayman, 
Ann Arbor, MI), 

12. Electrophoresis standard (Cayman). 

13. Carnation milk. 

14. Tween 20 (Sigma). 

15. Enhanced chemiluminescence (Amersham). 

16. Triton X 100 (Sigma). 

2.2. Quantitating Arachidonic Acid Formation 

2.2.1. Equipment 

1. 24-well tissue-culture plates (Fisher). 

2. Cell scrapers (Fisher). 

3. CO 2 incubator (Fisher). 

4. Liquid scintillation counter (Beclonan). 

5. Free flow laminar hood (Fisher). 

6. Scintillation vials (Amersham). 
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2.2.2. Reagents 

1. The sPLAj inhibitor employed is p-bromophenylacyl bromide (BPB, Sigmn 
and the maximal inhibitory dose is 40 i^. The cPLAj inhibitors employe i 

arachidonyl trifluoromethyl ketone (AACOCF3) and methyl aiachidonj I 
fluorophosphonate (MAMP), which are both available from Cayman, and tli 
maximal inhibitory dose identified in dose-response studies for both ePLA, 
inhibitors is 10 pAf. 

2. Phosphate-buffered saline (PBS, Sigma). 

3. Cell-culture media (Sigma). 

4. Aqueous scintillation cocktail (Fisher). 

5. 3h arachidonic acid (New England Nuclear Life Science Products, Boston, MA). 

2.3. ImmunoMotting COX Enzymes 

2.3.1. Equipment 

1. Mini Protean n cell (Bio-Rad, Rocheville Center, NY). 

2.3.2. Reagents 

I. Antibodies for COX-1 and COX-2, primary and secondary (Oxford Biomedical ' 
Research, Oxford, Ml). 

2.4. Quantitating Prostanoids 

2.4.1. Equipment 

1. Oiganic solvent evaporator (Fisher). 

2. Nitrogen gas (Air Gas, Mid-America Inc., Bowling Green, KY), 

3. Centrifuge (Fisher). 

4. Microplate reader (Bio-Rad Model 3550). 

5. Cell culture plates (Falcon Products, Newark, NJ). 

6. Sep-Pak centrifuge rack and Sep-Pak C18 columns (Waters). 

7. Gilson micropipets and Eppendorf pipets (Waters). 

2.4.2. Reagents 

1. The COX-1 inhibitor employed is valerylsalicyclic acid (Cayman, Atm Arbor, ' 
MI) with a maximal inhibitory dose found to be 50 pM. The c6x-2 inhibitors are • 

(1 -{4-methylsulfonyl(phenyl)-3-trifluoro-mcthyl-5([4-fluoro] phenyl)pyrazole 
(SC 58125, Searle, St. Louis, MO) and 2-cyclohexyloxy-4-nitrophenyl methane- ’ 
sulfonanude (NS 398, Cayman) with the maximal inhibitory dose being 100 uM 
for both COX-2 inhibitors. 1 

2. High-performance liquid chromatography (HPLC) grade methanol, ethanol, > 
ethyl acetate, cyclohexane, petroleum ether, methyl formate, dimethyl sulfoxide 
(Fisher). 

3. Lipopolysaccharide (Escherichia coli LPS, CO 11: B4, Sigma). 

4. Calcium ionophore (A23187, Sigma). 
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- 5. Interleukin Ip (IL-IP; Merck Dupont, Glenolden, PA). 

6. Prostaglandin Elisa immunoassay kits (Cayman). 

7. Bradford micro-protein determination kits (Sigma). 

3 Methods 

5. 1. tmmunoblotting PLAg Enzymes 

1. For immunoblotting of PLA 2 protein, 1 X 10® cells are plated on a 12-well culture 
plate to yield the requisite amount of cell protein. The cells are washed with 
PBS twice and then scraped, collected in 15 mL tubes and pelleted at 250 rpm 
for 5 min at room temperature. The pellets are resuspended in 5 mL of lysis 
buffer (20 toM Tris-HCl, pH 7.5, 0.9% NaCl. 0.1% Triton X-lOO, 20 mM 
p glycerophosphate, 10 pg/mL aprotinin, and 10 pg/mL leupeptin). The samples 
are left at room temperature for 10 min and then transferred to microcentrifuge 

; tubes and spun at the highest speed for 1 min. For determination of cell protein, 
cell specimens are solubilized with 0.1 N NaOH for 1 h at 37“C and then 

:" sonicated for 10 s. The protein concentrations are determined utilizing the method 

of Bradford with bovine semm albumin (BSA) as the standard (14). 

2. Protein samples (20 pg), PLA 2 standards and molecular-weight markers are 
loaded onto a 10% sodium dodecyl sulfate polyacryalniide gel (SDS-PAGE). 
The gels arc run at 100 V for 2 h until the dye front has reached the bottom of 
the gel. Proteins are transfened onto a nitrocellulose membrane at 100 V for 1 h 
in 25 mAf Tris base, 192 mM glycine, and 15% methanol using the Bio-Rad 
trans blot apparatus. 

. 3. The membranes are transfened into (TBS-T) containing 100 mM Tris-HCl, pH 7.6, 
150 mM NaCI, and 0.5% Tween 20, rinsed for 5 min to remove any gel particles, and 
transferred to fresh TBS-T 4-10% mUk to block the proteins on the membranes and 
the membranes are incubated overnight at d^C. The membrane.s are subsequently 
incubated separately witli tlie CPLA 2 antibody, diluted 1:1000 and the SPLA 2 . 
antibody diluted 1:1000 at room temperature for 3 h with gentle shaking. The 
membranes are then washed with TBS-T + 0.5% milk three times for 5 min, 10 
min with TBS-T + 0.5 M NaCl + 0.5 M NaCl - 1 - 0.5% milk and washed twice with 
TBS-T + 0.5% milk for 5 min to remove any unbound antibodies. The membranes 
are then treated for 30 min with peroxidase-conjugated mouse anti-goat IgG or 
peroxidase conjugated goat anti-rabbit IgG for the SPLA 2 and CPLA 2 labeling, 
respectively. The membranes are then exposed with a chemiluminescent detection 
system for 1 min, blotted, and exposed for 1 min to Kodak X-O X-ray film. 

4. The described technique has been employed to identify PLA 2 enzymes in various 
cell types. The sPLAj enzyme characteristically migrates to approx the 14 kDa 
range while the CPLA 2 protein migrates to approx the 110 kDA range (75). The 
CPLA 2 antibody is a rabbit polyclonal antibody (PAb) produced by immunization 
with the amino terminal domain, amino acids 1 -216 of human CPLA 2 standard. It 
uniformly identifies the human CPLA 2 standard. It does not cross react with other 
phospholipases. The SPLA 2 antibody is a mouse-produced antibody with the 
immunogen being purified human 14 kDa SPLA 2 . It does not cross-react with 
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other PLA 2 enzymes isolated from pancreas or snake venom and the antibody : 
will detect 0.1 ng SPLA 2 protein. The antibody uniformly cross-reacts with the - 
human 14 kDA SPLA 2 standard (16)- Changes in PLA 2 enzyme expression can 
be estimated visually or quantitated by densitometiy'. 

3.2. Arachidonic Acid Formation 

1. Cells are grown to the required degree of confluence on 24-wen cell-culture 
plates. Cells are then labeled with 0.5 (iCi/ml of ^H-Iabeled arachidonic acid 
for 20 h. The label is incorporated into membranes phospholipids and will bi 
released when PLAj enzyme activity is stimulated. The release of the label can be 
inhibited by specific PLA 2 inliibitors.The cells should be exposed to an inhibitor 
for at least 1 h before being stimulated by a cytokine or mitogen. Before adding 
the experimental substance the wells are washed three times at 5-min intervals 
with Hank’s buffered saline solution (HESS) containing O.l mg/mL of BSA in 
order to remove any unincorporated arachidonic acid. 

2. The cells are then exposed to the stimulant and the specific PLA^ inhibitor 
for the appropriate time. At the end of the treatment periods, the supernatants 
are removed, cleared of cells by centrifugation at lO.OOOg for 5 min, and the 
supernatants assayed for radioactivity by liquid-scintillation counting. 

3. While the methodology is an accurate reflection of PLA 2 activity, some of the 
radioactive label may be in the form of prostanoids. If quantitation of arachidonic 
acid only is intended, a method to extract the lipid will need to be employed 
before counting (17). Arachidonic acid levels can be expressed in relationship 
to the number of cells plated or the amount of cell protein in each well and 
can be quantitated as arachidonic acid counts expressed/mg cell protein 
(see Note 1). 

I 

3.3. Immunoblotting COX Enzymes 

1 . For immunoblotting of COX protein 1 x 10® cells are plated on a 12-weIl culture 
plate to yield the requisite amount of cell protein. The cells are washed with PBS i 
twice and then scraped and collected in 15-raL tubes and pelleted at 2500 rpm 
for 5 min at room temperature. The pellets are resuspended in 5 uiL of lysis 
buffer (20 mM Tris-HCI, pH 7.5, 0.9% NaCI, 0.1% Triton X-100, 20 mM 

P glycerophosphate, 10 pg/mL aprotinin, and 10 pg/mL leupeptin). These 
samples are left at room temperature for 10 min and then transferred to microfuge 
tubes and spun at highest speed for 1 min. The protein concentrations are 
determined by utilizing the method of Bradford (14). 

2. Protein samples (15 pg), COX standards and molecular-weight markers are 
loaded onto a 10% SDS polyacryalmide gel and separated as described in 
Subheading 3.1., step 1. 

3- The membranes are transferred into TBS-T containing 100 mMTris HCl, pH7.6, - 

150 mM NaCl, and 0.5% Tween 20, rinsed for 5 min to remove any gel par- ' 
tides, and transferred to fresh TBS-T + 10% milk to block the proteins on 


Table 1 

The Effect of Cyclooxygenase Inhibitors on Prostaglandin E2 Formation 
by Intestinal Epithelial Cells 

Basal PGE STIMPGE COX-1 Inhib COX-2 Inhib 



COX-1 

COX-2 LPS IL-1 

LPS IL-1 

LPS IL-l 


Inhib 

Inhib 



Cell Line 


t t t 

1 1 


IEC18 

— 

1 1 1 

1 


CCL241 


i t t 

_ i 

1 i 


In the above table the 4- sign indicates that PGE formation was decreased,_mdicates that 

there was no significant change and T indicates that PGE formation was significantly increased. 
LPS represents Upopolysaccharide and IL = 1 represents interleukin-Ip (3). 


the membrane and allowed to incubate at 4°C overnight. The membranes 
are incubated separately with a polyclonal anti-goat COX-1 antibody and a 
polyclonal anti-COX-2 rabbit antibody, both diluted 1:100 at room temperature 
for 3 h with gentle shaking. The membranes are then washed with TBS-T + 
0.5% mitk three times for 5 min, 10 min with TBS-T M NaCl + 0.5% milk, 
and washed twice with TBS-T + 0.5% milk for 5 min to remove any unbound 
antibodies. 

4. The membranes are then transferred into solutions containing 7.5 mL of second¬ 
ary antibodies and incubated at room temperature for 1 h. For COX-1 detection, 
rabbit anti-goat IgG alkaline phosphatase conjugate, 1 -.3000 dilution is employed 
and for COX-2, goat anti-rabbit IgG alkaline phosphatase conjugate 1:30(X) 
dilution is used as the secondary antibody. The membranes are then washed with 
TBS-T + 0 milk three times for 5 min, 10 min with TBS-T + 0.5% M NaCl - 1 - 
0.5% milk and washed twice with TBS-T + 0.5% mUk for 5 min to remove any 
unbound antibodies. The membranes are then exposed with a chemiluminescent 
detection system for 1 min, blotted, and then exposed for 1 min to Kodak X-0 
mat and X-ray film. The described technique has been employed to identify 
COX enzymes in various cell types. The COX antibodies invariably labeled the 
standard with no cross-reactivity between COX-1 and COX-2. COX proteins 
migrate to the 72 kDA range. Quantitation of enzyme level can be estimated 
visually or measured by densitometry. 

3.4. Quantifying Prostanoids 

1. The evaluation of COX activity and ±e determination of the metabolic pathway 
for a specific prostanoid is associated with the quantitation of the prostanoid 


Source: https://www.industrydocuments.ucsf.edu/docs/tspx0001 




PM3006732072 


52 Panesar, Deshpande, and Kaminski j 

before and after exposure to a specific COX-1 or -2 inhibitor. Individual | 
prostanoids are produced by the various cells in response to the same stimuli ? 
through tlie activity of diffeieiil COX enzymes (Table 1; ref. 5). It may b: ■ 1 
intended to study a specific prostanoid associated with a well-defined response ■ 
A specific response, such as the production of mucin by colonic mucosal cells 
occurs via a well-defined PGE 2 and PGE 2 receptor EP4 pathway (IS). The ( 
detennination of whether this PGE 2 is produced by a COX-1 or -2 synthetic , 
pathway would require stimulation of prostaglandin Ej and mucin formation by 
a secretagogue (19) in the presence of a COX-1 or -2 inhibitor and measurin 
the formation of prostaglandin £ 2 - The cell line would require pretreatment with 
the inhibitor before exposing the cells to the stimulus. 

2, In other systems the primary prostanoid produced may not be known and th 
entire spectrum may need to be evaluated by assaying for the production ot 
PGE 2 , PGD 2 , PGF 2 a, and 6 keto PGFm (prostacyclin, I 2 ) in order to ascertain th- 
primary prostanoid produced by a specific cell in response to a specific stimulus 
We formerly would evaluate the prostanoid spectrum by thin-layer chromatog¬ 
raphy (TLC); however, recently the information for individual prostanoids is . 
more readily obtained by extracting with organic solvents such as ethyl acetate- 
cyclohexane mixture, then purifying the preparation with Sep-Pak columns (20) ) 
and then using commercially available FIA kits that have excellent specificity . 
and relatively good shelf life (see Notes 2,3). 

3, Prostanoid levels should be expressed per mg cell protein or per number of cells. 
To determine the cell-protein concentration the media is removed and the cell; \ 
washed with Kreb’s Ringers bicarbonate buffer. The cells are scraped from the ; 
wells or when cells are growing on a specific substrate the cells are freed by 
incubation with a 1 % collagenase solution for 20 min and then washed again with 
buffer and collected by centrifugation at 5000g for 10 min, Protein concentration 
is determined on cell specimens solubilized with 0.1 N NaOH for 1 h at 37°C and ( 
then sonicated for 10 s. Protein is quantitated utilizing the method of Bradford 
(74) using BSA as the standard. 

4. PG assays are performed using a competitive enzyme assay that utilizes an 
acetylcholinesterase tracer. The prostanoid concentrations are determined 
by spectrophotometric analysis after the addition of Ellman’s reagent and 
comparison to a standard curve. The enzyme-linked immunosorbent assay 
(ELISA) kit instructions are very detailed and easily followed (.see Note 5). 

5 . The EIA employed to quantitate a prostanoid is based on the competition 
between the prostanoid and a prostanoid-acetylcholinesterase conjugate (tracer ' 
for a limited amount of prostanoid monoclonal antibody (MAb). Because the ' 
concentration of prostanoid tracer is held con.stant while the concentration of [ 
unknown prostanoid varies, the amount of prostanoid tracer that is able to bind ■ 
to the prostanoid MAb will be inversely proportional to the concentration of ; 
prostanoid in the sample. This antibody-prostanoid complex binds to a goat anti- " 
mouse PAb that has been previously attached to the sample. The plate is washed to i 
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remove any u nboiind reagent s and then Ellman’s reagent is added to the well .This 
reagent consists of acetylthiocholine with 5, 5'-dithro-bis(2-nitrobcnzoic acid). 
Hydrolysis of acetylthiocholine by acetylcholinesterase produces thiocholine. 
The nonenzymatic reaction of thiocholine with 5,5'-dithio-bis (2 nitrobenzoic 
acid) produces a compound that has a strong absorbance at 412 nm. 

6. The assay should be confirmed in the system by adding progressively increasing 
quantities of the specific prostanoid being measured to the culture media and 
ascertaining that the assay will quantitate the added prostanoid in a linear fashion. 
Cross-reactivity between antibodies is less than 1% and the intraassay and 
interassay coefficient of variation should be less than 5% (see Note 3). 

7. Utilizing the aforementioned techniques, the opportunity exists to ascertain the 
metabolic pathways associated with the production of a specific pro.stanoid (see 
Note 4). Such information may lead to improved drags to alter the production of 
a specific prostanoid involved in a particular response rather than the universal 
inhibition of prostanoid production now associated with the use of first generation 
nonsteroidal anti-inflammatory agents. 

4. Notes 

1 . Cell populations that produce iig quantities of prostanoids should be studied at 
minute intervals for arachidonic acid release while cells that produce pg/mg cell 
protein of prostanoids should be evaluated at hourly intervals. 

2. If the samples for prostanoids come from buffer solutions or ccU-culture media, 
then it i,s not necessary to extract and purify the samples; however, if they are 
from plasma or tissues, then one needs to extract the samples with organic 
solvents and purify on .Sep-Pack columns. 

3. The necessity for extraction should be evaluated by measuring added known 
amounts of the specific prostanoid to the buffer solutions or culture media used 
to perform the experiments and measuring the concentration of the prostanoid in 
extracted and unextracted samples. 

4. While the antibodies effectively discriminate aud measure specific prostanoid 
specie.s, within species, there may be cross-reactivity. For example, the assay 
may not discriminate well PGEi and E 2 levels. 

5. Different pipet tips should be used to pipet the buffer solutions, standards, 
samples, tracers, and antibodies, and the pipet tips should not be exposed to the 
reagents already in the wells. 
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